Abbreviations used in this paper: ADI = atlas-dens interval; AP = anteroposterior; CT = computed tomography.
See the corresponding editorial in this issue, pp 455-456. from a cross-sectional CT image of the atlas. The cross-sectional area was divided into small grid cells and analyzed with a computer by using an integration method. All the measurements were completed at the first examination. We obtained the informed consent from the individuals and their parents prior to the examination and obtaining radiographs and CT scans. The parents were fully aware that the data from the cases and controls would be submitted for publication, and the approval was also obtained from our institutional review board.
Statistical Analysis
Parametric statistical analysis was performed using Student t-test with a 95% confidence interval.
Results
Eight children with Down syndrome (three boys and five girls, age range 10-13 years) were identified with atlantoaxial subluxation (Table 2) ; an incidence of 6.7% (4.3% in boys and 15.7% in girls). Two of the eight children had fixed atlantoaxial subluxation and the remaining six children had reducible atlantoaxial subluxation. The condition of four patients was complicated by os odontoideum. All patients with atlantoaxial subluxation exhibited spastic gait, hyperreflexia, pathological reflex, and disturbance of finger movement. We recommended surgery to the eight patients, but we could not obtain agreement. The ADI ranged from 6 to 9 mm among the patients who exhibited atlantoaxial subluxation, and all patients exhibited hypoplasia of atlas. The mean (Ϯ standard deviation) ADI was 2.5 Ϯ 1.0 mm in all children with Down syndrome and 2.2 Ϯ 1.0 mm in healthy children. The difference between the two groups was not statistically significant in boys or girls. The average AP diameters of the atlas were significantly smaller in patients with Down syndrome than in controls. The results were the same in boys and girls ( Table 3) . The cross-sectional area of the atlas was significantly smaller in children with Down syndrome than in the control group (Table 4 ). Figure 2 provides an example of CT images of a patient with Down syndrome and a healthy male control of the same age. The AP diameter and cross-sectional area of the atlas were smaller in the patient with Down syndrome.
Discussion
Atlantoaxial dislocation in patients with Down syndrome was reported by Tishler and Martel 10 in 1965 and by Dzenitis 3 in 1966. Since then, many articles 2,4,5,7-9,11,12 have appeared in the literature detailing imaging-documented atlantoaxial instability in children with Down syndrome.
The present study suggests that occult spinal canal steno- sis exists in patients with Down syndrome. To our knowledge, this is the first matched-comparison study that has examined occult spinal canal stenosis due to hypoplasia of the C-1 posterior arch in patients with Down syndrome. In 1992, Martich et al. 6 reported hypoplastic posterior arch of atlas in children with Down syndrome; however, that study was not a matched comparison, and the children were younger (2-3 years old). In our study, the hypoplasia of C-1 in children with Down syndrome was statistically significant. The pathomechanism of myelopathy in patients with Down syndrome has not been clarified. However, the occult spinal canal stenosis due to C-1 hypoplasia must be a risk factor of myelopathy for patients with Down syndrome. All patients with atlantoaxial subluxation in the current study exhibited myelopathy. The ADI among the patients who exhibited myelopathy was less than 9 mm, which did not indicate severe atlantoaxial subluxation.
Conclusions
When dealing with children with Down syndrome, it must be remembered that the patients may have occult spinal canal stenosis which can cause myelopathy.
